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Abstract 
Persimmon cultivation is gaining importance in many semi-arid areas of the 
world. That is the case of eastern Spain where rainfall regime is well below the 
crop water needs and drip irrigation is typically used to control the water and 
nutrient supplies. In this review, it is summarized the existing information in the 
literature on persimmon water and nutrient requirements. Crop responses to 
variable irrigation regimes and mild to severe water stress are also analyzed. It is 
concluded that persimmon water needs can be particularly high during summer, 
when the crop coefficient can reach values close or even above 1.0. In order to cope 
with water scarcity, regulated deficit irrigation (RDI) has been shown as a useful 
technique for reducing fruit drop in persimmon trees. Late RDI strategies during 
fruit ripening can accelerate fruit color development resulting in earlier harvesting 
but with lower fruit weight. This manuscript also provides for some information 
on nutrients requirement of astringent and non-astringent varieties of persimmon 
trees. Finally, new research lines for continuing plant-water relations studies on 
persimmon trees such as the need to quantify the optimum nutrition plans under 
conditions of variable water supply will be proposed.  
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1. Introduction 
There is little information in the literature about the water and nutrients needs of 
persimmon trees and the response of this crop to variations in water and/or fertilizer 
supply. A search was conducted on the web of science on October 2016 using the 
keywords “Persimmon & Irrigation“ and “Persimmon & Fertilization” and only 40 and 
25 publications were found, respectively. These results were far from those obtained for 
citrus, which is the main fruit tree crop grown in the south east of Spain, when the same 
search was conducted (1440 and 556 entries). However, they were also behind the 
entries obtained for pomegranate (77 and 13 for irrigation and fertilization topics), a 
crop of a similar economic importance to persimmon.  
This fact is most likely because persimmon cultivation has been traditionally 
important in areas of Korea and China where the precipitation is often abundant and 
irrigation is not crucial. In the last 15 years, however, persimmon production has been 
gaining importance as an emergent crop in some areas of the Mediterranean basin due, 
among other things, to the selection of new and productive cultivars like the cv. ‘Rojo 
Brillante’, which is well adapted to the Mediterranean climatic conditions and which 
astringency can be easily removed (Llácer and Badenes 2009). In these areas water can 
                                                 
1 dintri@cebas.csic.es 
be the main limiting factor for tree productivity and irrigation is a common practice that 
crucially determines yield and fruit quality.  
An efficient irrigation and fertilization management in persimmon production in 
these areas is not only important to optimize the use of external inputs, but also for 
mitigating the high sensitivity to salinity of persimmon trees grafted on the most 
common rootstock employed, D. Lotus (Visconti et al. 2017). In this brief review, a 
summary of the existing information for conducting an efficient water and nutrient 
management is included. Irrigation recommendations in case of water scarcity in order 
to follow regulated deficit irrigation (RDI) protocols are also summarized.   
 
1. Irrigation management of persimmon trees  
Irrigation scheduling of crops is often performed based on a soil water balance, 
in which crop evapotranspiration (ETc) is estimated using the reference 
evapotranspiration (ETo) and the crop coefficient (Kc), according to the procedure 
suggested by FAO (Allen et al. 1998). In the case of persimmon trees, however, there 
are no values of Kc (ETc/ETo) reported in Allen et al., (1998) that could be used to 
estimate the crop water requirements. 
Studies performed recently by Kanety et al. (2013) in Northern Israel evaluated 
the irrigation influences on plant growth, yield and water use of ‘Triumph’ persimmon 
trees. These authors observed that trees increased in yield and vegetative growth in 
response to irrigation and based on the results obtained from the study, they suggested 
some changes in the irrigation recommendations reported for the region. 
In Valencia, Spain, a study was initiated in 2008 to determine the water needs of 
persimmon trees under Mediterranean climate using several tools including sap flow 
gauges calibrated with whole canopy gas exchange determinations, as first described in 
Dragoni et al. (2005), and determinations of the soil water balance using soil 
capacitance probes. The results obtained are still under evaluation and refinement but 
based on preliminary observations and data analysis, a suggested protocol for Kc values 
to schedule irrigation is reported in Table 1. 
 
Table 1. Suggested crop coefficients (Kc) for mature persimmon trees under 
Mediterranean conditions. The reported values can be used for ensuring 
optimum plant water status during the entire growing season 
 
Month (Kc) 
March 0,20 
April 0,45 
May 0,57 
June 0,70  
July 0,90  
August 0,96 
September 1,10 
October 1,00  
November 0,60 
 
2. General tree responses to water supply 
The chronic water scarcity existing in the Mediterranean basin might result in 
irrigation being the main limiting factor for persimmon production in the area. In these 
conditions of water shortage, RDI has been shown as a suitable technique that can be 
used by growers to reduce the amount of water to apply in some crops with none or 
minimal reductions on yield (Ruiz-Sánchez et al. 2010). RDI was developed in the 
1980’s as a strategy to reduce tree growth of vigorous trees and to save water (Chalmers 
et al. 1981; Behboudian and Mills 1997). Water restrictions must be applied in 
phenological periods when fruit growth is less sensitive to soil water deficit (i.e. non-
critical) ensuring water availability during the rest of the season to meet full tree water 
requirements. Therefore, the use of RDI techniques requires the knowledge of the crop 
sensitive periods to deficit irrigation, which are different from each crop depending on 
their agronomic and physiological characteristics.  
In citrus, for instance, RDI has been studied in depth in a large number of 
species (García-Tejero et al. 2010; Ballester et al. 2011; 2013). The sensitive periods of 
this crop to deficit irrigation have been clearly identified and the effects of water stress 
on vegetative and reproductive growth are well documented in the literature (Ruiz-
Sánchez et al. 2010). In persimmon, on the other hand, the literature about RDI effects 
on crop performance is poor and just a few recent studies report the effects of RDI on 
persimmon yield and its components (Badal et al. 2013; Buesa et al. 2013).  
In a study performed on mature persimmon trees, cv. “Rojo Brillante”, grown in 
a drip-irrigated commercial orchard located in Valencia, Spain, Buesa et al. (2013) 
showed that persimmon appears to be a sensitive crop to deficit irrigation. 
Notwithstanding RDI allowed water savings of up to 20% without any reduction in 
yield, fruit weight was always impaired by the RDI treatments. Only when RDI trees 
had a higher number of fruit than control trees (irrigated at full water requirements), the 
economic return was not reduced, increasing WUE. As the number of fruit harvested 
comes determined by the number of fruit that remains on the tree after the fruit drop 
period, this period seems to be of particular importance in persimmon trees for the 
success of a RDI strategy. Results obtained from this study showed that in persimmon 
trees, RDI should be in any case a strategy that can be potentially applied in off seasons, 
under low tree crop level, when a moderate water restriction could lead farmers to save 
water, increasing the tree bearing capacity.  
A three-year study conducted by Badal et al. (2013) in the same orchard used by 
Buesa et al., (2013), showed that moderate plant water stress (Ψstem not lower than -1.3 
MPa) occurring early in the spring (mid-May to end of June, coinciding with the fruit 
drop waves) decreased fruit drop. Water restrictions applied later in the season, at the 
end of the fruit drop period, had less of an effect on reducing fruit drop. This knowledge 
of the water stress effects on persimmon trees as well as the appropriate timing to apply 
RDI strategies in the cv. “Rojo Brillante” may be of great utility in semi-arid areas to 
increase the fruit crop level by restricting irrigation applications during late spring.  
Based on the results from the abovementioned studies (Badal et al. 2013; Buesa 
et al. 2013), recommended Kc values for the application of RDI strategies have been 
obtained (Table 2). In this sense, a previous study by Intrigliolo et al. (2014) concluded 
that some water restrictions applied at the end of fruit growth period might result in a 
faster colour development and, therefore, can accelerate fruit ripening. Water stress at 
that stage of the crop did not have an effect on the content of fruit total soluble tannins 
both before and after the de-astringency treatment. This result would suggest that water 
deficit did not affect the level of fruit tannins at harvest or the effectiveness of the post-
harvest treatment. 
Table 2. Suggested crop coefficients (Kc) for mature persimmon trees grown under 
conditions of limited water supply in eastern Spain. 
Month Kc 
March 0,20 
April 0,45 
May 0,57 
June 0,40  
July 0,90  
August 0,96 
September 0,70 
October 0,70 
November 0,60 
 
3. Nutrition management of persimmon trees 
The available information in the literature about the nutrient requirements of 
persimmon trees it has been generally focused on studies conducted on non-astringent 
varieties cultivated in Asian countries such as South Korea, China and Japan, as well as 
Australia and New Zealand. In particular, the nutritional studies conducted in Australia 
by George et al. (2005) on Haya and/or Fuyu (non-astringent) varieties are those 
exposed with greater detail. In Spain, studies conducted by Pomares (2014a, 2014b, 
2015) to know the nutrient crop demand of persimmon trees have been mainly focused 
on the astringent variety "Rojo Brillante". These studies have made it possible to 
determine the nutritional needs of persimmon trees depending on the fruit production 
(see Table 3).  
Persimmon is a low-demanding crop for nutrients such as nitrogen (N), 
phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg), compared with 
other temperate tree species such as citrus, cherries or plums (Table 3). Its root system 
is weak and therefore requires high soil porosity for a normal root development. 
Ameliorating the soil structure with high levels of soil organic matter is a recommended 
practice to improve the nutrient and water uptake efficiency. Persimmons cultivated in 
soils with high organic content improve the foliar development and fruit size. In the 
special case of the rootstock D. Lotus, this fact is even more important since its root 
system is weaker than that of other rootstocks such as D. virginiana and compacted soils 
may restrict the root development. A waste application of 20-30 t/ha every 2-3 years has 
been recommended by Pomares et al. (2015) to increase the soil organic content and to 
improve soil porosity.   
 
 
Table 3: Comparison of crop nutrient removal rates of different nutrients for an 
astringent (“Rojo Brillante”) and non-astringent (“Fuyu”) persimmon cultivars and 
other temperate fruit tree species.  
 
 
Persimmon(1) 
“Rojo brillante” 
Persimmon(2) 
“Fuyu” 
Orange(3) 
(Kg/t) 
Cherry(4) 
(kg/t) 
Plum(4) 
(kg/t) 
(kg/t) (kg/t) 
Nitrogen 0.85 1.25 1.77 8 3 
Phosphorus 0.39 0.25 0.50 3 1 
Potasium 1.42 1.75 3.19 10 5 
Calcium  0.125 1.01   
Magnesium  0.06 0.36   
(1)Pomares et al (2014, 2015), (2)George (2005), (3)Haifa (2016), (4)Agusti (2010)  
 
In general, nutritional needs of persimmon trees change during the life cycle and 
also during the annual productive period. Significant variations in the nutritional 
requirements of persimmon trees can be found during stages such as sprouting, buds 
and leaves growth, flowering, fruit set, fruit development, flower induction, ripening, 
accumulation of reserves or entry into dormancy (Bellini 2002).  
Fertilization after harvest is highly recommended to favour crop stages such as 
sprouting or the beginning of the mower-bud initiation during the next season. 
Sprouting is a short and intense phase (around 15 days) during which the nutrients are 
exclusively taken from the nutritional reserves accumulated during the previous year 
period (Hino et al. 1974). That is also the case for the beginning of the mower-bud 
initiation, when the mowers are being differentiating, during which the leaf 
carbohydrate and N content in 1-year-old wood are the main determining factors of the 
number and quality of the flowers that will be present in the trees (Ooshiro and Anma 
1998). Light postharvest applications of N and K may prevent early leaf drop ensuring 
enough reserves in the tree for a satisfactory performance of the crop during the next 
year (Ullio and Macarthur, 2003).  
It is in the stages after sprouting when the distribution of nutrients in terminal 
shoots is more variable (Young-Whang Yoon et al. 2014), indicating a great 
mobilization from the tree reserves to the growing organs such as leaves and buds. 
Fifteen days after sprouting the photosynthetic activity starts (Hino et al. 1974). This 
fact conditions the timing of fertilization which can be delayed to a period just after 
sprouting. Once photosynthetic activity starts, it is recommended to provide a large part 
of the N and P requirements, and some of the K, Mg as well as other micronutrients as 
zinc or manganese, which usually are deficient in persimmon trees.  
During the productive phase, from June to October, persimmon trees require an 
adequate nutrition to ensure a good fruit growth. In order to obtain a good production 
and fruit quality the ratio of 40 leaves per fruit should be reach. In this sense, Pomares 
et al. (2015) recommended a fertilization plan for the cv. “Rojo Brillante” grown under 
Mediterranean conditions (Table 4). 
 
Table 4: Fertilization plan for the astringent persimmon cv. “Rojo Brillante” 
according to Pomares (2015). 
 
Month Nitrogen (Kg N/ha) 
Phosphorous   
(Kg P2O5/ha) 
Potasium  
(kg K2O/ha) 
Magnesium  
(kg MgO/ha) 
March 9 4 6 0.8 
April 18 8 10 1.2 
May 27 12 12 1.6 
June 36 16 18 2.4 
July 36 16 37 5 
Augost 36 16 37 5 
September 18 8 30 4 
Total 180 80 150 20 
 
An excess of N fertilizer has been reported to cause fruit drop as well as a 
reduction in fruit firmness, sugar content and postharvest conservation time (California 
rare fruit growers). Plant nutrition status monitoring is recommended to avoid over-
fertilization. Optimum leaf N content values one month before harvest should be in a 
range between 1.8-2.5 % (dm) while Ca/N and Ca/K should be higher than 1.5 to ensure 
a good fruit quality. 
 
4. Further research needs 
The studies conducted by Badal et al. (2013) and Buesa et al. (2013) on the 
assessment of RDI strategies in persimmon trees, highlight that further research is still 
needed in order to elucidate the physiological mechanisms involved in fruit drop as well 
as to explore how different water stress levels might affect this phenomenon in the cv. 
“Rojo Brillante”. More research is also encouraged to provide growers with tools for 
predicting the tree bearing capacity before the second wave of fruit abscission. If this 
could be quantified, growers would have more information to decide if and when to 
reduce fruit drop by inducing a certain degree of plant water stress. 
Other topics that based on the literature surveyed conducted require more 
attention for an efficient nutrient management of persimmon trees are: i) study of the 
effects of specific mineral nutrition programs on fruit quality and astringency; ii) 
salinity and chloride phytoxicity management and; iii) study of the physiological 
responses of persimmon trees to climate change (heat spells, low winter chilling). 
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